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Highlights
Decay studies of selected actinide nuclei (with I. Ahmad & J. Greene, ANL-PHY & 
A.L. Nichols & M.A. Kellett, IAEA) - part of the ANL commitment to the IAEA-CRP on 
“Updated Decay Data Library for Actinides”
studies of 233Pa, 237Np, 240Pu, 242mAm, 243,244,245,246Cm & 249,250Cf using decay and 

ray spectroscopy techniques and mass separated sources

Two new projects funded by the Office of Nuclear Physics, Office of Science (ARRA)
MANTRA ($2M) – in collaboration with INL
Decay data measurements & evaluations for decay heat calculations ($2M) – in 
collaboration with UML (P. Chowdhury) and ANL-PHY (C. Lister) 

P (312 keV;233Pa)=38.6 (5)% by Gehrke et al., but 41.6 (9)% by Harada et al. – 7.7% difference!!

 Standardization of 177mLu decay data – calibration standard for the novel gamma-ray 
tracking detectors – also of relevance to the super-inelastic CS data
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MANTRA (Measurement of Actinide Neutronic 
Transmutation Rates with Accelerator mass spectroscopy) 

INL: Gilles Youinou, G. Palmiotti, INL: M. Salvatores 
ANL: F.G. Kondev, R. Pardo 
ISU: G. Imel.

P. Fink (INL): “ … using a science-based approach to obtain better nuclear data…”

Basic Concept: irradiating (small) samples of pure MA at the ATR facility at INL
measurements using the AMS technique at the ATLAS facility ANL
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 irradiation of samples under 
different conditions at the ATR 
facility at INL



ability to count a small amount of material – e.g. 106 atoms
sensitivity exceeds 1 in 1012

develop laser ablation 
capability – smaller samples 
and reducing the “memory 
effect” of the source



ND Needs for Decay Heat calculations

 JENDL FP (based on ENSDF)  - “contaminated” 
by Gross Beta-decay Theory for ~500 FP (almost 
half of all FP)!

 there are significant differences between 
various libraries, e.g. JEFF vs. JENDL vs. ENDF

J. Katakura et al., JNST, Suppl. 2 (2002) 444

 about 50 cases studied using TAGS, but there 
are also drawbacks

 only a handful of cases studied with modern 
ray arrays (e.g. GSI)

Many aspects of the nuclear fuel 
cycle require a detailed knowledge 
of the energy release, and 
corresponding heat from the decay 
of the radioactive nuclides
Advanced fuel applications –
assessments of decay heat for 
short cooling times are performed 
by means of the microscopic 
summation method – decay and 

build-up of FPs – input data:

fission yields and decay data

 Accurate FP decay data are 
also important for other 
applications:

 nuclear astrophysics 
 National Security – LLNL 

cargo inspections
(NIM.  A521 (2004) 608)
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Opportunities at ANL - CARIBU

 sufficient yields for post-
accelerated FP decay 
spectroscopy – capability to 
use some other powerful 
equipment – GS, FMA

 CAlifornium Rare Ion Breeder Upgrade (CARIBU) of ATLAS 
– 1 Ci  252Cf spontaneous fission source (~20% of total activity 
extracted as ions) - gas catcher and isobar separator (with or 
without post acceleration) – large improvement over existing 
ISOL-based facilities

 no stopovers for 
refractory elements!

 not accelerated - short 
T1/2 and more exotic
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CARIBU project – cont.

gas catcher
isobar separator

Source

Source Mounting 

Ring

Cap

Consultants’ Meeting on TAGS, IAEA, January 27-28, 2009

1Ci of 252Cf is 1.9 mg; over an 3x6 cm ellipse 
area this yield a density of ~150 g/cm2
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What does CARIBU offers?
New target/source approaches
 gas catcher, isobar separator & ECR technology

can be used to efficiently to turn a non-conventional 
source of n-rich isotopes, such as a spontaneous 
fission source, into a low-energy beam – no stopovers for 
refractory elements

Very high acceleration efficiency
 post-accelerator based on ATLAS

Existing experimental equipment and infrastructure for 
radioactive beam physics
 CPT, Gammasphere, HELIOS, FMA

Consultants’ Meeting on TAGS, IAEA, January 27-28, 2009
2009 USNDP-CSEWG Meetings, BNL, November 2-6, 2009

TAGS & X-ray array



Consultants’ Meeting on TAGS, IAEA, January 27-28, 2009

Yields for some nuclei of interest

Non Accelerated beams (~105-106 ions/sec)

 ACellerated beams (104-105 ions/sec)
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 the superiority of CARIBU

 intensity and purity of neutron-rich FP beams  
 gas-cell technology - no stopovers for refractory elements
 FP can be delivered to other key instruments at ANL – CPT and FMA

 combination of high-resolution ray spectroscopy & TAGS

 discrete spectroscopy may suffer from “pandemonium”, but TAGS 
cannot do it alone either – having capabilities to do both at a single facility 
is a “perfect marriage”  

 development of beta-delayed neutron measurements capabilities at ANL

What makes studies at ANL unique?
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we are building multiple collaborations with interested participants from US, 
Europe, Australia, India, China & Japan

we plan to organize a dedicated workshop in the second half of 2010 –
experimentalists, data users & evaluators, industry and international 
organizations  - we have an ambitious plan to make the newly coming data 
quickly available to the end users


